Background: The study was done to assess the postoperative analgesic efficacy of ultrasound-guided continuous transverses abdominis plane block, continuous lumbar paravertebral block and a continuous lumbar epidural block in patients undergoing lower abdominal surgeries (unilateral inguinal hernia repair). We compared their analgesic efficacy over the first 48 hour postoperative, in a randomized, single-blind study in 120 patients divided into four equal groups, 30 patients in each group. Methods: 120 patients randomly assigned into four equal groups, with 30 patients in each group. Group T received ultrasound-guided transverses abdominis plane block with 20 ml of bupivacaine 0.25% followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr) and group P received ultrasound-guided continuous lumbar paravertebral block with bupivacaine 0.25% bolus dose 20 ml, followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr). Group E received continuous lumbar epidural infusion of bupivacaine 0.25% bolus dose 20 ml, followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr) and group C received normal saline bolus dose 20 ml, followed by continuous infusion of normal saline (0.1 ml/kg/hr). General anesthesia induced with fentanyl 1 -2 μg/kg and propofol 1 -3 mg/kg followed by atracurium 0.5 mg/kg. At the end of the surgical procedure, we activated the regional block with recording of parameters in the postoperative period each patient was assessed for visual analog scale (VAS) at rest and on movement, analgesic consumption, vital signs and presence of complications (nausea, vomiting, sedation), and postoperative patient satisfaction all data collected postoperatively by a blinded investigator at one, two, 6, 12, 24 and 48 hours postoperatively. Results: Postoperative analgesic efficacy is more in group E than group P and How to cite this paper: Elmeliegy, M. group T, the latter is least effective in pain control. Also in group E the postoperative analgesic consumption is lower than in group P and group T, regarding complications as nausea and vomiting more recorded in epidural than the other two groups. Conclusion: Regarding postoperative analgesic efficacy, the continuous lumbar epidural block is more effective than continuous paravertebral and continuous transverses abdominis plane block, but regarding complications, there was a higher incidence in epidural group than other two groups.
Introduction
In major open abdominal surgeries, such as liver and bowel resection, gastric bypass and gynecological surgery results in moderate to severe pain in the acute postoperative period especially in the first 48 hours despite the use of traditional systemic analgesic techniques, such as patient-controlled analgesia, intramuscular or intravenous opioids and multiple analgesia consist of opioids combined with NSAIDs, acetaminophen, Ketamine and neuropathic agents [1] . Postoperative pain control is essential to prevent patient suffering, early mobilization, faster recovery and decreasing perioperative morbidity associated with thrombotic events and acute coronary events in high-risk patients [2] . In perioperative period, opioids are most commonly used to provide acceptable analgesic, but at the expense of many side effects, so the use of multimodal analgesic regimen is essential. Regional analgesia and anesthesia have shown to supply analgesia and also many benefits which extend beyond the perioperative period [3] . For analgesia following lower abdominal surgeries, a variety of techniques can be used as epidural analgesia which has been shown to be the gold standard and time-tested technique but refusal or contraindications, necessitate the use of other equally good analgesic techniques. Recently different techniques such as TAP block and PVB have emerged as valid alternatives.
Regional pain relieving methods can be used to markedly decrease postoperative pain scores and decrease the utilization of systemic opioids. Local anesthetics can deposited at the peripheral nerve (transversus abdominis plane), the nerve root (paravertebral) and neuraxis (epidural) level. These sites will preferentially block nerve conduction and result in different profiles of analgesia and side effects [4] . Ultrasound (US) guided peripheral nerve block has been reported extensively within the anesthesiology literature and have tried effectively than the standard Landmark techniques [5] . Epidural analgesia can be a helpful technique of pain management in numerous situations. It facilitates could also be clinically further subdivided into anterior, posterior and lateral spaces [6] . The spinal nerve within the paravertebral area is submerged within the paravertebral fatty tissue. Paravertebral fascia connects the paravertebral space with the epidural space medially and contralateral paravertebral space. The paravertebral block may be a selective block of the nerve roots at the chosen levels through direct infiltration of the local anesthetic into the spinal nerve and also the medial extension through intervertebral foramina [7] .
The transverse abdominis plane (TAP) block designed to provide anesthesia to anterior abdominal wall nerves (T 6 to L 1 ) was initially represented in 2001 by
Rafi as traditional Landmark technique using the lumbar triangle of petit. The local anesthetic injected between the internal oblique and transverse abdominis muscle just deep to fasical layer superficial to it [8] . TAP block was shown to decrease the postoperative opioid consumption, increase the time to initial request for any other analgesia and provide more effective control of pain, however reducing opioid-related undesired effects as postoperative nausea, vomiting, and sedation [9] . The use of ultrasound has allowed anesthesia providers to do the block under direct visualization with greater accuracy. The TAP block is an easy procedure that can be used as an adjuvant for postoperative pain control in surgeries involving T 6 to L 1 distribution [10] .
Anesthesiologists play a significant role in postoperative pain management. 
Patients and Methods
After obtaining approval from Benha University Hospital research ethics committee and written informed consent from the patients, we included 120 patients of ASA physical status I, II and III scheduled for lower abdominal surgeries (unilateral inguinal hernia repair) in a randomized, single-blind study during the period from September 2016 to December 2017. We excluded patients with a history of allergy to used drugs or chronic pain, age < 18 years old or >60 years old, coagulopathy, morbid obesity (BMI > 40 kg/m 2 ). Patients were randomly assigned into four groups (group P) (n = 30) patients received ultrasound-guided continuous lumbar paravertebral block with bupivacaine 0.25% bolus dose 20 ml, followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr), (Group T) (n = 30) patients received ultrasound-guided transverse abdominis plane block with 20 ml of bupivacaine 0.25% followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr), (Group E) (n = 30) patients received continuous lumbar epidural analgesia with bupivacaine 0.25% bolus dose 20 ml followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr) and (Group C) (n = 30) patients in this group received saline injections paravertebrally (n = 10), in the TAP (n = 10) and epidurally (n = 10). The volume of saline delivered to each group was identical to that suggested for each block.
Randomization was done by random number list which generated by online program randomization numbers were concealed in opaque envelops which were opened by the investigator. The patients and postoperative care staff were blinded to group arrangement. All study patients received standard pre and Visual analoge scale (VAS) and 48 h morphine consumption is the primary outcomes measure in this study. While vital signs and side effects associated with morphine consumption were the secondary outcomes.
Statistical analyses performed using a standard statistical program (SPSS ver-sion 16). Quantitative data were presented as a mean ± standard deviation, and analyzed by using one way ANOVA test, while qualitative data were presented as numbers and percentages and analyzed by using chi-square test, p-value < 0.05 was considered statistically significant, p-value < 0.01 was considered statistically highly significant.
Results
Demographic data showed no difference regarding age, ASA physical status, body mass index (BMI) or duration of surgery between groups (Table 1) .
VAS was measured at rest and on patient's movement (Knee Flexion), at PACU, 1, 2, 6, 12, 24 and 48 hours postoperatively ( Figure 1 ).
All forms of block, transverses abdominal plane, paravertebral and epidural significant reduce pain scores (VAS) at nearly all time intervals except at PACu time during the first 48 hours following surgery. Postoperative pain intensity (VAS score) on coughing was also significantly decreased in all forms of block compared with placebo, while epidural was significantly more effective than other two types of block at many time intervals (Table 2) .
During the first 48 hours in the post-operative period, the total analgesic consumption by morphine boluses used in each group (When VAS ≥ 4) despite the maximum rate of bupivacaine infusion, rescue analgesia 5 mg bolus of morphine was intravenously administrated to achieve pain relief was repeated every 4 hours as needed, this showed a highly significant difference between groups (P-value < 0.001). As expressed as mean ± SD, in group C 14.83 ± 2.78, in group T, it is 11.17 ± 3.64, in group P it is 7.5 ± 3.41, and in group E it is 7.17 ± 3.4 ( Figure 2 ).
All methods of the block provided sufficient degree of patient satisfaction, while only 50% of control group patients showed that they were satisfied ( Table   3 ).
The mean arterial pressure (MAP), its levels were slightly higher in the control group than others. Group P, T show no significant difference from baseline values, except for a slight decrease in group P, but in group E, there was a significant decrease in the MAP from the first hour after bolus dose till the end of the study. No significant changes during the study period between groups regarding heart rate, but in group E, heart rate was significantly higher than baseline during the study.
Regarding complications, in group C, nausea was 11 patients (37%), vomiting was 5 patients (17%), and drowsiness were 5 patients (17%). In group T, 7 patients (23%) had nausea and vomiting in 1 patient (3%) and drowsiness in 3 patients (10%). In group P, nausea occurred in 8 patients (27%), vomiting in 2 patients (6%) and drowsiness in 3 patients (10%). In group E, nausea was 9 patients (30%), vomiting in 3 patients (10%) and drowsiness in 2 patients (6%), with no statistically significant difference between groups regarding complica- C = Control group, T = Transversus abdominis plane block, P = Paravertebral block, E = Epidural block, Data presented as mean ± SD. P-value < 0.05 = significant, P-value < 0.01 = highly significant. Data presented as mean ± SD ** highly significant * significant. C = Control group, T = Transversus abdominis plane block, P = Paravertebral block, E = Epidural block, Data presented as mean ± SD. P-value < 0.05 = significant, P-value < 0.01 = highly significant. 0.001** **Highly significant. C = Control group, T = Transversus abdominis plane block, P = Paravertebral block, E = Epidural block, Data presented as mean ± SD. P-value < 0.05 = significant, P-value < 0.01 = highly significant.
Discussion
Postoperative pain, particularly once poorly controlled, could produce a range of acute (i.e., adverse physical responses) and chronic effects (i.e., chronic pain, delayed long-term recovery). Poor postoperative pain control can lead to many adverse outcomes such as hypertension, cardiac arrhythmias, myocardial ischemia, immobility, deep venous thrombosis, poor wound healing and reduce alveolar ventilation [11] . Many choices are available for postoperative pain control, including regional analgesic techniques (i.e., peripheral and neuraxial) and As regard visual analog scale (VAS) and mean morphine consumption. Current study showed significant differences between groups and control as regards VAS and these were increased mean morphine consumption in the first 48 hours postoperatively in group T compared with group P and group E, this is in agreement with Pankaj N Surange [13] who compared continuous lumbar paravertebral with continuous epidural block, they found that both routes were effective in postoperative pain control and didn't significantly differ, the same with Messina et al. [14] , who compared epidural versus paravertebral blockade in thoracic surgery. They founded no significant differences in VAS score between groups at any time point, but values were lower in epidural than the paravertebral group at 6, 24, 48 hours postoperatively.
Two other studies [15] [16] were in consistent with research, first found that no difference in pain intensity before and after respiratory physiotherapy in the epidural and paravertebral group, the second documented no difference in postoperative pain in days 1 -3 between the two groups. Tornero-Campello G.
[17], who compared intravenous PCA with morphine, TEA and TAP block in laparoscopic high anterior resection, recorded that cumulative opioid use was significantly lower for the epidural group at all time points up to discharge than PCA group and up to 72 h significantly lower than for TAP group but length of hospital stay was longer in the TEA group (6 days) than in TAP group (4 days).
Lin Y-N et al. [18] showed higher morphine consumption postoperatively in patients received TAP block than those received paravertebral block.
Federico et al. [19] found statistical significance in VAS in favor of the paravertebral group in relation to the epidural group when comparing analgesia in patients undergoing thoracotomy. But this mostly due to higher local anesthetic concentration in the paravertebral group and the length of surgery was 108.6 minutes for PA group and 141.3 minutes for EA group (P < 0.0001). Our results also not consistent with Debreceni study [20] with the paravertebral group than with TAP group. Also, Niraj et al. [22] studied the patients undergoing laparoscopic bowel resections, the 70 cases randomized to treated with continuous TAP block or continuous epidural analgesia; they found no difference at 24 h during coughing postoperative in the median VAS and no difference in tramadol consumption between groups.
As regards the mean arterial pressure (MAP), its levels are slightly higher in control group than others group P, T show no significant difference from baseline values, except for slight decrease in group P, but in group E, there is significant decrease in MAP from the first hour after bolus dose till end of the study.
No significant changes during the study period between groups regarding heart rate, but in group E, heart rate were significantly higher than baseline during the study. This can be explained by hypotension, also in group P these are unilateral sympathetic block compared to bilateral block in group E. A systemic review and met-analysis [23] from eight trials studied analgesic safety and efficacy of thoracic epidural and paravertebral analgesic during thoracotomy, found that TEA associated with significantly higher hypotension than PVB in both intra and postoperative period. Other two studies [19] [24] comparing epidural and TAP analgesia in 44 patients undergoing laparotomy surgeries, TAP group showed a less reduction in mean blood pressure and reduced the frequency of hypotension than in epidural group due to epidural group sympathetic block. Santhosh and Rajendran [25] , found no significant difference in the MAP between two groups and no decrease in blood pressure after the first hour. This can be explained by; only 8ml bolus of 0.25% bupivacaine after the end of surgical procedure and patient not receive opioid analgesic intraoperatively while intraoperative analgesia maintained only with N 2 O.
Regarding complications, in group C, nausea was 11 patients (37%), vomiting was 5 patients (17%), and drowsiness were 5 patients (17%). In group T patients (23%) had nausea, and vomiting in1 patient (3%) and drowsiness in 3 patients (10%). In group P, nausea occurred in 8 patients (27%), vomiting in 2 patients (6%) and drowsiness in 3 patients (10%). In group, E nausea was 9 patients (30%) vomiting in 3 patients (10%) and drowsiness in 2 patients (6%). With no statistically significant difference between groups regarding the complications a meta-analysis [26] , analyzed side effects as nausea, vomiting, hypotension and Limitations of our study; the study didn't include the regional anesthesia procedure time (i.e., time from positioning the patient to fixation of the catheter) and we also did not record the number of trials of each form of the block to assess block difficulty.
Conclusion
Regarding postoperative analgesia continuous lumbar epidural block is more effective than continuous transverses abdominis plane block and continuous paravertebral block, but regarding complications (hypotension, nausea, and vomiting) there were higher incidence of complications in patients received epidural analgesia than in other groups; however, TAP block can be alternative postoperative analgesic technique for patients in which epidural and paravertebral blocks are contraindicated.
